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Introduction
The 'Ponkan' tangerine (Citrus reticulata, Blanco) is one of the main citrus species produced in Brazil, with great consumer acceptance due to its sweet taste, easy peeling and expressive size when compared to other tangerines found in the market (Vale et al., 2006) . However, under tropical conditions, the flesh of citrus fruits reaches physiological maturity, becoming edible before the peel color change, which cannot reach the orange color (Rodrigo & Zacarias, 2007) . This is due to the absence of low temperatures during fruit ripening, which are associated with the chlorophyll degradation process, and the synthesis and/or manifestation of carotenoids in the peel (Rodrigo & Zacarias, 2007; Jomori et al. 2014) , and may be an obstacle during fruit commercialization, since consumers associate the peel color with fruit maturity (Spósito et al., 2006 ). (Matsumoto et al., 2009; Sdiri et al., 2012) . Matsumoto et al. (2009) (Tietel et al., 2010; Mayuoni et al., 2011) . This situation demonstrates the potential for the use of ethylene in Ponver's degreening, especially in regions such as the North of the Minas Gerais State, with high average temperatures throughout the year.
In traditional countries of citrus production for 'in natura' consumption and to export, the degreening has been applied to improve the fruit external appearance, mainly in tangerines and oranges, providing the development of the typical color of the variety, grown in nonfavorable conditions for color evolution (Rodrigo & Zacarias, 2007; Matsumoto et al., 2009 , Zhou et al., 2010 , Mayuoni et al., 2011 , Moscoso-Ramírez & Palou, 2014 .
Thus, the objective was to study the best combination of dose and time of ethylene exposure for the degreening of 'Ponkan' tangerines from the North of the Minas Gerais State, Brazil. 
Material and Methods

Physiologically
Results and Discussion
Fruit characteristics immediately after ethylene exposure
For the color difference (CD), values for control fruits (freshly harvested) and treated fruits was observed at all exposure times (Table 1) . (Table 1) .
The total chlorophyll content in the skin of fruits exposed to ethylene during 48 and 96 h differed from the control fruits, except for 48 h of exposure using the 10 μL L -1 dose. The same did not occur with fruits exposed to ethylene during 24 h (Table 1) . Thus, the insufficiency of the 24-hour time is assumed to allow the action of ethylene in the chlorophyll degradation process of the peel.
Regarding the total carotenoid content, no significant change in the contents was observed as a function of the exposure time,
except for 96 h of exposure to 40 μL L -1 of ethylene, different from the control (Table 1 ). This suggests that during the phase in which the fruits were exposed to ethylene, the change in the color of the peel occurred only due to chlorophyll degradation, followed by the development of pre-synthesized carotenoid pigments. Regardless the dose and time of ethylene exposure, no differences was observed in soluble solids content, titratable acidity and (SS/TA) ratio in the flesh of fresh fruits, and no difference was also observed for the exposure times, within each dose (Table 2 ). Other authors did not observed changes in these variables in ethylene doses varying from 3 to 12 μL L -1 for the degreening of other citrus species, such as 'Siciliano' lemon, 'Satsuma' mandarin, 'Navel' orange and 'Star Ruby' grapefruit (Mendonça et al., 2003; Tietel et al., 2010; Mayuoni et al., 2011) .
However, the leakage of cellular electrolytes within fruits treated with each dose differed from that observed in the newly harvested fruits. The higher percentages of cell electrolyte leakage may be a consequence of the longer exposure times of the fruits to the ethylene doses, since, with the exception of the fruits exposed to 5 μL L -1 of ethylene, the others showed higher values of electrolyte leakage from peel when exposed 48 and 96 h to the gas.
With higher disarrangement of the membranes structure, due to the higher ethylene amount inside the fruits, a higher electrolytes leakage was observed. It should be noticed that, although the highest value of electrolyte leakage was observed in fruits exposed to 10 μL L -1 of ethylene ( The difference in the peel color of control fruits followed a sigmoidal behavior, with initial values around 3, a slight evolution in the first 24 h, followed by a significant increase between 24 and 72 h and a tendency of stabilization between 72 and 96 h, to around 20 ( Figure 1A ).
According to Mazzuz (1996) , the most suitable temperature for degreening is 18 to 25°C. As the fruits of all treatments were maintained under these conditions, even those not treated with ethylene presented discrete chlorophyll degradation, which was sufficient to increase the color differences between times of ethylene exposure.
Fruits exposed to ethylene for 24 h ( Figure   1B It is likely that longer exposure time, higher the ethylene effect on fruits treated for 96 h, which was confirmed by the visual observation of the fruits over the time in which they were evaluated.
This indicates an importance of higher than 48 h of exposure, so that the ethylene is diffused The hue angle values of control fruits and for fruits exposed to ethylene for 24h were similar during the 96 hours after the end of the ethylene exposure ( Figure 2AB ). The value ranges and the final color of the fruits from both conditions were similar, indicating that 24h of ethylene exposure was not sufficient to a complete degreening, as observed by Mendonça et al. (2003) in lemon, with differences in the Hue angle value for control and the minimum time of 48h of exposure, using the doses 3, 6 an 12 μL L -1 .
Fruits exposed to ethylene for 48 h ( Figure   2C ) presented a more marked peel color change over the 96 h after treatment. Only fruits exposed Although fruits exposed to ethylene for 96 h reached a higher degree of degreening A -untreated control fruits; B -fruits exposed to ethylene for 24 hours; C -fruits exposed to ethylene for 48 hours; D -fruits exposed to ethylene for 96 hours.
than the other treatments, the loss of the green color of the fruit peel is closely related to time (treatment phase + after treatment phase), more than to the time of exposure of the fruits to ethylene. With a total of 96 h (48 h of exposure + 48 h after exposure), fruits presented Hue angle values similar to those observed in the fruits exposed to ethylene for 96 h right after gas exposure ( Figure 2CD ). According to this and to the fact that the fruits treated for 96 h were more yellow, it is possible that the greater efficiency of this exposure time is related to the greater diffusion of the ethylene into the fruits, resulting in a greater availability for the promotion of a most complete peel degreening.
At 96 h after the end of ethylene exposure, fruits treated for 48 and 96 h presented lower total chlorophyll content than control fruits (Figure 3 ). In turn, those exposed for 24 h showed both initial and final levels similar to control fruits, confirming the insufficiency of this exposure time. In the fruits exposed to ethylene for 48 h ( Figure 3C ), the chlorophyll content presented linear behavior as a function of time after the end of ethylene exposure. As soon as they were removed from the treatment boxes, the fruits had a mean content of total chlorophyll in the peel of 16.9 μg cm 2 for the doses, and a marked drop was observed up to 36.6 h after treatment, reaching a minimum value of 6.9 μg cm -2 , with stabilization until the end of the evaluation time.
The fruits exposed to ethylene during 96 h, and after the treatment already presented total chlorophyll contents similar to the minimum presented by the fruits exposed during 48 h, reached only 36.6 h after the end of the exposure ( Figure   3CD ). In fruits treated for 96 h, the total chlorophyll There was a slight decrease in the respiration rate in fruits treated with ethylene for 96 h ( Figure 5C ), probably due to the longer time of exposure, resulting in a higher gas concentration inside the tissues and more diffusion from the interior of the fruit to the external atmosphere. However, regardless the dose, the fruits showed similar respiratory behavior, indicating that there was no effect of the dose on their respiratory pattern.
Conclusions
Exposure to 5 μL L -1 of ethylene for 96 h and an exposure for 48 to 72 h after treatment (during storage) is the combination that provides the best results on fruit peel degreening, which shows no evidence of loss of marketing quality at the end of the experiment.
The fruits were yellowish using the best Com. Sci., Bom Jesus, v.8, n.4, p.544-554, Oct./Dec. 2017 Figure 5 . CO 2 production from 'Ponkan' tangerines submitted to ethylene doses of 0, 5, 10, 20 and 40 μL L -1 , in the 96 h after the end of the treatments. A -fruits exposed for 24 h; B -fruits exposed for 48 h; and C -fruits exposed for 96 h. experimental combination, but without the characteristic orange color of the species, which means that the degreening is, mainly, a direct consequence of the peel chlorophyll degradation.
